Introduction
Findings of the Nepal's National Adaptation Programme of Action (NAPA) to climate change indicate that Nepal is highly vulnerable to climate change and variability (MoE 2010a; Tiwari et al 2014) . (Here "climate change" refers to any change in climate over time, whether due to natural variability or anthropogenic forces, and "climate variability" refers to a climatic parameter of a region varying from its long-term mean [IPCC 2007a] .) The average annual temperature of Nepal has increased at a rate of 0.06uC per year since the 1970s (Shrestha et al 1999; Sharma and Tsering 2009) , with higher rates in winter than in summer. The increase is more pronounced in the Middle Hills and the High Himalayas (Xu et al 2009) . Manifestations of climate change and variability observed in the mountains include erratic rainfall, an unpredictable onset of the monsoon season, and droughts (Gentle and Maraseni 2012) , with negative impacts on agriculture as well as on food, livelihood, and water security (Kohler et al 2010; Macchi 2011; Gentle and Maraseni 2012) .
Poor subsistence farmers depending on natural resources are most vulnerable to climate change (Morton 2007) . About 83% of Nepal's population practices agriculture (CBS 2014) , and more than 60% of the cultivated area is rain-fed (CBS 2006) . Agricultural production is already under pressure from increasing demands for food and the depletion of land and water resources. Climatic impacts cause an additional risk to agriculture. Crop yields are predicted to decline by 5-30% by 2050 in the Himalayas due to warming, leading to severe food insecurity (IPCC 2007a) . Most climate models show that higher temperatures will lead to lower rice yields as a result of shorter growing periods in Asia, including Nepal (IPCC 2014) .
Impacts of climate change as well as the capacity to adapt to them are context-and location-specific (Smit and Wandel 2006) . While most climate change projections using empirical models can be applied at global and regional levels, they are unable to specify climate change impacts at the local level (IPCC 2007b) . It is therefore essential that large-scale initiatives to support farmers consider local priorities and integrate lessons from local adaptation efforts. However, with the exception of a few studies (Chaudhary and Bawa 2011; Manandhar et al 2011) , knowledge is limited on how specific climate hazards impact on local livelihoods and how farming communities in the mountains of Nepal are responding to climate change.
To address the issue and meet the requirements of the UN Framework Convention on Climate Change, Nepal prepared both national and local adaptation plans. NAPA was the first comprehensive climate-change-related government document released to the public (HELVETAS 2011) . It provides a basis for the government to guide further climate change governance and manage financial resources in a coherent and coordinated manner (MoE 2010b) . Identifying the need for a bottom-up approach to adaptation planning, Nepal has come up with an innovative local planning process called the Local Adaptation Plan of Action (LAPA). LAPA calls for vulnerability assessment and adaptation planning, with participation by vulnerable communities and all gender groups, which enables communities to understand climatic impacts and formulate adaptation priorities. It complements NAPA to ensure that vulnerabilities of local communities are identified, and interventions are planned to channel 80% of financial resources to be spent at the local level for adaptation programs, as envisioned by NAPA (HELVETAS 2011) .
Since farming communities' adaptation are determined by their perceptions of climate change, local perceptions and knowledge should be considered when planning adaptation strategies (Xu et al 2009; Xu and Grumbine 2014) , which is in line with the concept of LAPA. Our case study aimed first to assess the magnitude and trends of climate change and climate-related hazards affecting farmers' livelihoods, second to analyze farmers' perceptions of climate change and their accuracy, and third to investigate farmers' current responses, which have the potential to develop into promising adaptation practices.
The 2015 earthquake in Nepal
Nepal is not only prone to climate change and climate variability and other hazards such as landslides and soil erosion, which are the subjects of this study, but also to earthquakes. In April and May 2015, Nepal was struck by a series of strong quakes (Avouac et al 2015) . Sindhupalchok District, where this research was conducted, was particularly strongly affected. The District Disaster Relief Committee (DDRC) reported 3532 deaths (DFSN 2015) , including 601 people from our study site. A further 1169 were injured, and 95% of the houses were damaged.
Our study was conducted in 2013, and the situation in the study area is now fundamentally different. People in the affected areas must focus first on rebuilding their homes and livelihoods. In this sense, the results of our research reflect a situation that no longer exists. This does not mean, however, that they are obsolete. Big earthquakes have a huge impact, but they occur at relatively long intervals. The last big shock felt in the study area occurred in 1988 (Anonymous 2015) . Participants in our pre-earthquake study did not rank the risk from earthquakes as very high, probably because of the relatively long time since the previous one. This may also explain the low level of preparedness. While the effects of the recent earthquakes require an immediate response, this should not lead to neglect of adaptation to climate change and climate variability-processes that happen more slowly and less dramatically but will continue to affect the livelihoods of people after they recover from the earthquakes. In this sense, the results of this survey will remain relevant and may, in addition, provide a baseline against which the impact of the earthquakes can be assessed.
Method and materials

Study area
The study was conducted in the Melamchi Valley (Figure 1 ) from February to July 2013. The valley is located in the upstream reaches of the Indrawati River Basin in Sindhupalchok District. Sindhupalchok is highly vulnerable to landslides and moderately vulnerable to fluctuations in rainfall and temperature (MoE 2010a). The area is at risk from earthquakes, as the Main Central Thrust fault line runs across the Himalayan region (Upreti 1999) . Geographically, the valley can be divided into upland, midhills, and lowland. The climate ranges from subtropical in the lower valley to cool temperate in the upper valley. Average annual precipitation in the Melamchi Valley is about 2800 mm. Almost 95% of households in the valley rely on agriculture and livestock for their livelihoods. The main cultivation systems are khet (irrigated land) in the lowland and bari (rain-fed land) in the upland parts of the valley. The main crops are rice, maize, wheat, and millet.
Household survey
A household survey ( Figures 1C, 2 ) was carried out with 365 local household heads (37 female and 328 male, older than 30 to 80 years old) from 8 village development committees (VDCs-the lowest administrative units in Nepal). The survey used a pretested semistructured questionnaire that explored local perceptions of climate change and variability, the frequency and magnitude of climate-related hazards in the last 20 years, their impacts on livelihoods, and current responses. Quantitative descriptive statistics were supplemented by qualitative information in the form of participants' narratives about their experiences.
MountainDevelopment
Participatory risk assessment and adaptation planning
We used CRiSTAL (Community-Based Risk Screening Tool-Adaptation and Livelihoods), a participatory risk assessment and adaptation planning tool, to analyze climate vulnerability and adaptive capacity (IISD 2012) . CRiSTAL provides a framework to establish a community-level baseline on vulnerability and adaptation mechanisms. We chose to work with women and men separately ( Figure 3 ) because of their different roles and responsibilities. Six focus group discussions were held, 3 for men and 3 for women. Each had 15 participants and included key informants (eg teachers and members of the local governing body), local farmers, people over 60 years old, and people between the ages of 20 and 30. Although people from diverse occupational backgrounds were invited, all participants engaged in farming to some extent. CRiSTAL enables local decision-makers to assess the impact that a project may have on the resources of a community and to modify projects in order to reduce vulnerability and enhance adaptive capacity. It provides project developers with an opportunity to cooperate with communities to incorporate climatic and other risks into project design and implementation.
We concentrated on analysis of livelihoods and climate risks, following the CRiSTAL methods step by step and using different participatory tools as described in Table 1 . In addition, we discussed how current responses could be adapted to projected future climate changes.
Climate data
Monthly average precipitation data for 1979-2009 from the Dubachour meteorological station were used to assess the precipitation trend. As temperature data were not available from this station, temperature was interpolated (Equation 1) by calculating the lapse rate (ie the rate at which atmospheric temperature decreases with an increase in altitude, Equation 2) (Ranjitkar et al 2013) from elevation and temperature data from 6 nearby meteorological stations ( Figure 1B ):
where E is the elevation of the meteorological stations, t is the recorded temperature, i and n refer to the first and second stations, l m is the lapse rate per 100 m calculated for each month, and E cal and t cal are the elevation and temperature of the location. Meteorological drought-the degree of dryness compared to an average amount and the duration of the dry period-in the area was assessed using the Palmer Drought Severity Index (PDSI). We used 30 years of precipitation data and interpolated temperature data to calculate PDSI, using sc-PDSI software available at https://github.com/ cszang/pdsi. Guttman (1998) defined PDSI values of +4.0 or higher as extremely moist, +3.0 to +3.9 as very moist, +2.0 to +2.9 as unusually moist, 21.9 to +1.9 as near normal, 
Results and discussion
Climate change
Temperature and precipitation trends: Over a 30-year period, temperatures rose by 1.02uC (P 5 0.07, r 2 5 0.109) with variations up to 10.4% from the mean of the entire period. Separating this period into 3 time spans, we found that mean annual temperature rose by 0.18 and 0.9uC during 1978-1987 and 1988-1998, respectively , and by 1.56uC in the period after 1999. Average temperatures during winter have risen significantly (1.98uC; P 5 0.009, r 2 5 0.22) over the last 30 years ( Figure 4A ). Maximum and minimum summer and winter temperatures changed significantly over time (for the summer maximum, P 5 0.007 and r 2 5 0.34; for the summer minimum, P 5 0.004 and r 2 5 0.25; for the winter maximum, P 5 0.008 and r 2 5 0.23; for the winter minimum, P 5 0.000 and r 2 5 0.55). For precipitation, there was no clear trend over the 3 decades. Manandhar et al (2011) reported similarly erratic patterns from a study in western Nepal. Precipitation oscillated over the years, slightly decreasing in both summer and winter. Summer and winter food-crop yields were affected by mild to severe drought and crop pests.
Drought index: The monthly PDSI reading for the meteorological drought index in Dubachour station showed that drought occurred in the study area ( Figure 4B ). Severe drought (PDSI between 23 and 24) 
Tool Objective of tool Process and outcomes
Livelihood resource mapping
Identify the resources that are most important to the livelihoods of the focus communities.
Participants were asked to draft a map of their community showing its boundaries, key facilities, and resources (including crops, livestock, houses, schools, temples, health post [local health facility], roads, forested areas, and water bodies). Next, we linked the map to the most important livelihood resources, which were divided into 6 categories: natural, physical/infrastructure, financial, human, social, and political. The participants then prioritized the most important resources (ideally at least 2 from each category) and discussed who benefited from and who controlled each resource.
Seasonal cultivation calendars
Identify the timing of cropping patterns for major crops.
An empty calendar was prepared in advance on brown paper, including a legend with simple symbols for each activity. Participants identified their most important crops and then discussed when each was planted and harvested; one participant noted each activity on the calendar using the designated symbols. Next, the months in which each crop is watered and fertilized were noted, along with the insect and disease seasons. Finally, we asked participants to note any changes in cropping patterns over the past 5 years and any other important crop-related activity.
Hazard mapping Identify and describe the major hazards, the time frame in which each occurs, and locations of the affected resources.
A general discussion was held to make sure that all participants understood the term "hazard." In an open discussion, a list of hazards, including social and non-climate-related risks (such as diseases and political problems) was created using meta cards.
Participants then ranked all identified hazards according to their importance and selected the 3-5 most important hazards. The facilitator asked participants about each hazard's frequency, intensity, and impact on crops and livestock in extreme years and noted their answers. For more complex hazards, a month-by-month hazard calendar was created.
Vulnerability matrix
Determine the hazards with the most serious impact on livelihood resources, and rate the vulnerabilities of the resources.
We prepared a matrix listing hazards along the x-axis and the livelihood resources along the y-axis. Participants rated the impact of each hazard on the livelihood resource using 0 for neutral and 1-3 for negative impacts. On completion, participants summed up all the numbers for each hazard, compared the results, and confirmed whether they all agreed.
Climate risk analysis
Understand the impacts of current and potential hazards on livelihood resources.
Through guided discussions, participants determined the impacts of each hazard, and we noted them on meta cards. a) Then we explained and discussed the differences between the direct and the indirect impacts and arranged the cards accordingly. If no indirect impacts were listed, we asked the participants to think of some. Out of all the mentioned impacts, we asked participants to select the 3 most severe. Finally we asked for each impact whether it affected the listed resources negatively or positively.
Responses
Identify current coping strategies, evaluate their sustainability, and identify possible alternative strategies.
For each climate impact identified in the previous exercise, we asked participants to identify current coping strategies and evaluate their sustainability. Next, participants brainstormed a list of possible alternative strategies based on available resources in the village. We further discussed how current or alternative coping strategies might need to evolve given projected changes in climatic conditions. Finally, we asked participants which of the earlier identified resources were required to put current or alternative adaptation strategies into practice. Local perceptions: About 95% of respondents stated that temperature had increased over the previous 2 decades. But when the same respondents were asked about seasonal temperature changes, 55% stated that summer temperature increased, and 19% said that winters were getting warmer. About 60% reported a decrease of total annual precipitation, but when asked about seasonal rainfall change, 44% and 48% stated a decrease in summer and winter rainfall, respectively; and 38% reported a decrease in snowfall. There was thus less consensus among respondents regarding seasonal changes than annual changes. Nima Lama, a farmer from the upland part of Helambu VDC, said: "Winter snows are favorable for potato planting, but recently snowfall occurred late, in February, which was of no use as it quickly melted and flushed out the fragile fields." Erratic precipitation trends with delayed monsoons were reported for the last 20 years. Community perceptions of drought agreed only partly with recorded meteorological data. During the CRiSTAL 1992, 1993, 2005, 2008, and 2009 , which they attributed mainly to drought. While other reasons for the reduction in crop yields could be declining soil productivity and the fragmentation of land due to increasing population, drought was seen by respondents as the principal reason.
Impacts of changing temperature and precipitation trends:
Local perceptions coincide with the meteorological record of increasing temperatures in the Melamchi Valley. Flowering and fruiting of wheat and maize and of some common species such as Prunus cerasoides, Rubus ellipticus, Rhododendron arboreum, and Myrica esculenta were reported to have occurred 15-45 days earlier, and this was attributed to climate change. Ranjitkar et al (2013) attributed the earlier onset of rhododendron flowering in the eastern Himalayan region primarily to rising winter temperatures. Such climatic and phenological changes are common in the Himalayas (Ranjitkar et al 2013; Hart et al 2014) . Changes in the phenology of crops as a result of climate change can contribute to reducing crop productivity because of earlier anthesis and grain maturity at warmer temperatures, thus shortening the duration of growth and reducing grain yields (Craufurd and Wheeler 2009; Anwar et al 2015) . About 62% of household survey respondents and participants in the CRiSTAL exercise reported new crop pests due to increasing temperatures, resulting in crop yield decline and increased production costs (Deka et al 2010) . Dawa Lama, a 56-year-old farmer from the upland part of Helambu VDC, said, "In my whole life, I had never seen an infestation of maize at such a high elevation [about 2700 m], and I don't know how to deal with such pests." Unprecedented occurrence of mosquitoes in the uplands was perceived as a consequence of warming in the study area as well as in other parts of the Himalayas (see Chaudhary and Bawa 2011; Manandhar et al 2011) . Precipitation has declined in recent years. As most farmland in the study area is rain-fed, declining and untimely monsoon precipitation can impact livelihoods.
Major climate-related hazards and their impacts on livelihood resources
In this paper, we did not include the responses that were given a negligible rank in the CRiSTAL exercise and were reported only by very few respondents in the household survey. In addition, some resources presented in Table 2 (CRiSTAL exercise) were combined during the household survey reporting (eg houses and roads were combined into settlements and infrastructure). Participants in the household survey and CRiSTAL exercise listed similar problems, indicating matching information from different sources. Although major issues reported through the 2 different tools were similar, there were some differences in the ranking and perception.
A vulnerability matrix based on the CRiSTAL exercise (Table 2) , which scored each hazard against impacted resources, indicated that farmers were very vulnerable to drought, landslides, crop pests, thunderstorms, hailstorms, and floods, most of all to drought. Drought periods increased in length from 2 months (2005) to 10 months (2009) and 9 months (2010, 2012) .
Agriculture and food security: Most hazards have severe impacts on agriculture and, consequently, on food security, as confirmed by participants in the household survey (69% of respondents) and CRiSTAL exercise ( Figure 5A , Table 2 ). They reported that the reduction in crop productivity is due to declining yields of winter crops (especially wheat) and vegetables caused by a reduction in winter precipitation and increase in winter temperatures. They also reported an increasing frequency of extreme events that destroy the harvest. Sivakumar and Stefanski (2011) calculated that a 0.5uC rise in winter temperature can reduce wheat yields by 0.45 t ha 21 in India, because wheat is already being grown close to its temperature tolerance threshold. They noted that a temperature rise of more than 2.5uC can lead to a significant decrease in yields of nonirrigated wheat and rice and consequently to a loss in farm-level net revenue of 9-25%. Food production in the study area is sufficient for 8 months only, which means that food has to be purchased, making farmers vulnerable to rising prices (Gum et al 2009) . On the other hand, a reported increase in potato yields on irrigated land in the lowlands is probably due to an increase in summer minimum temperatures ( Joshi et al 2011) .
Water resources: About 33% of respondents stated that water was scarce, possibly due to decreased precipitation, population growth, and changing lifestyles. However, irrigated land has increased in Sindhupalchok (CBS 2010), including in the Melamchi Valley, where nearly 27% of respondents reported scarcity of water in the irrigation canals. This finding concurs with Sijapati and Bhatt (2012) and Pradhan et al (2015) , who reported a decline in water supplies in recent years in the Melamchi Valley. Water scarcity can also be due in part to poorly maintained irrigation systems. The Intergovernmental Panel on Climate Change's fifth assessment report predicted that water scarcity caused by increased demand and lack of good management would be a major challenge for most of Asia (IPCC 2014). (www.desinventar.net/DesInventar/results.jsp). It is, however, important to point out that loss of life, livelihoods, and houses through geomorphic events such as landslides can only partly be attributed to climatic factors and is also determined by factors such as topography, geology, seismicity, and land use.
Social capital: Sixty-eight percent of female and 55% of male respondents reported conflicts over water resources, especially in the uplands. During the CRiSTAL exercise, participants reported that conflicts are due to poor management rather than physical scarcity of water. A female respondent said, "Drought has increased women's workloads because we have to walk longer distances to fetch water." Mountainous terrain with steep and fragile slopes makes collection and carrying of water, fuelwood, and fodder even more difficult and dangerous (Gum et al 2009) .
Although both men and women are vulnerable to climate change, the causes of their vulnerability, and their experience of it, are different, as is their capacity to respond and adapt. Some respondents reported that due to the hardships caused by drought and uncertain rainfall, many people have either changed their occupations or migrated, leaving women behind to face increased workloads. This process has also increased the number of female-headed households in the study area (CBS 2014).
Others: We found that 3.2% respondents mentioned an impact on forest/biodiversity and 2.2% on health of people/ livestock ( Figure 5A ). Hazard scores were higher for these two livelihood resources in the CRiSTAL exercise (Table 2) , which contrasts with the findings of the household survey. The differences in the results reflect the concern of the whole community during the CRiSTAL exercise, while the household survey records individual perception.
Adaptive practices
Our study revealed different adaptive practices such as changing farming practices, selling livestock, milk, and eggs, daily wage labor, seasonal or long-term labor migration, and leaving land fallow during the dry season ( Figure 5B and Table 3 ). We found that female participants in both the household survey and the CRiSTAL exercise were less likely to adapt to changes than their male counterparts, due to less adaptive capacity and access to resources. Women and girls spend a lot of time assisting men, while males have more access to education, political affiliation, and membership in various organizations. Moreover, 89% of female respondents had no formal education, which along with less access to physical property decisively lowers their adaptive capacity. Tenge et al (2004) found that female household headship negatively influenced adoption of In Nepal, some district-level offices such as the District Agriculture Development Office have initiated climate change adaptation activities focusing on water and soil conservation. Activities include agroforestry in the leasehold forestry program, small irrigation programs, and plastic tunnels for vegetable production (Tiwari et al 2014) .
Rice is usually planted in May and June before the first rainfall. However, in drought years, farmers delay transplantation. As a response to drought, midhills farmers started planting Ghaiya and Khumal-4 rice (which is drought resistant and matures in 141 days), whereas lowland farmers adopted Makwanpur-1 and Malika rice (which requires less fertilizer and is flood-resistant). Such practices were also reported by Manandhar et al (2011) and Sada et al (2013) .
While such measures can be clearly linked to climate change, others are a response to a different or wider range of changes. During our survey, we also noticed continuation as well as reintroduction of traditional agroforestry practices that incorporate timber and fodder trees such as Bauhinia variegata and Alnus nepalensis. This is common in farming and farming/livestock systems in the midhills of Nepal (Tulachan and Neupane 1999) as an adaptation to the scarcity of leaf fodder for livestock caused by deforestation and forest degradation. Ram Bahadur Tamang, a 66-year-old farmer from Mahankal VDC in the midland, said, "I have a big alder tree and some smaller alder trees on my farm; they provide fuelwood for cooking and fodder for goats and buffalos. Once smaller trees get taller, I can cut and sell them in the local market." Similarly, crop diversification and multicropping (vegetable, potato, and cereal with fruit trees, and cash crops such as coffee and cardamom with fodder trees) were adopted by farmers according to their suitability for the relevant agro-ecological zone. Multicropping has advantages over more labor-intensive single cropping because it is more resistant to pest attacks, diversifies the diet, and reduces crop failure risk.
Selling livestock, milk, and eggs: The fact that measures adopted by farmers in the lowland and midhills can be adaptations to multiple changes applies especially to the selling of livestock, milk, and eggs in the Melamchi Valley. About 20% of respondents perceived a change in living standard from selling livestock and milk. Out of 365 respondents, 154 owned cows and 264 owned buffaloes. Milk production increased from 14 313 to 24 772 metric tons from 2004 to 2013 in Sindhupalchok district (MoAD 2013) . There is tremendous potential in this area for increasing dairy livestock production and productivity because of high market demand (MoAD 2013). However, climate change can affect livestock productivity, directly as well as indirectly through changes in the availability of fodder (FAO 2007) . Planting fodder trees on farmland as a source of nutrition for the increasing livestock population can help to offset fodder scarcity caused by climate change. In addition, shade from trees can reduce heat stress caused by climate warming, and planting timber trees can bolster farmers' livelihoods.
Wage labor and migration: Wage labor and migration are common adaptation strategies of poor households, particularly in upland and midhills areas. Graner (1996) reported that poor households sold their labor for 10-12 days per month, comparable to the present situation in the Melamchi Valley. In the past, local people migrated mainly because of poverty and to take advantage of new economic opportunities. However, migration can also be a strategy to adapt to a changing climate (de Moor 2011). Declining agricultural production due to drought conditions was identified by local respondents as one of the major drivers of migration. While seasonal migration has been a traditional strategy for a long time in the uplands (Bishop 1998) , the number of households involved is increasing, in response to either impacts of climate change or socioeconomic changes. Almost 32% of all households reported a family member migrating for employment. Remittances are responsible for almost 20% of the poverty decrease since 1995 (Lokshin et al 2007) . Hence, for the people living in poverty in Nepal, labor migration is one of the most powerful opportunities for prosperity.
Other strategies: Due to a shift in winter precipitation, farmers who used to plant winter crops leave their farmland fallow (4.5% of respondents) during winter, MountainDevelopment especially in the uplands. Some respondents reported using higher amounts of chemical fertilizer and pesticides than before to increase crop production, which is also reported in the national census report (CBS 2010) . Excessive use of chemical fertilizers and pesticides gives good yield for the first year but reduces natural soil fertility and the resistance of plants to harmful micro-organisms. It also increases resistance of the target pests to pesticides in subsequent years. Only few respondents reported using previous savings (9.1% of respondents) as an adaptation strategy. Such a strategy could be useful in a community where food security and savings are good.
All of the practices described above, which are actually short-term responses, fit into the scope of coping strategies as defined by the fifth assessment report of the Intergovernmental Panel on Climate Change (IPCC 2014). Climate is an important driver of change of these resources, but other drivers of change include demographic changes such as population growth, ruralurban migration, and requirements for a healthy life (clean water, sanitation, and nutrition). Consequently, any adaptation strategies to cope with climate change and variability must also prove adaptive within a larger context of ongoing economic, political, technological, and environmental dynamics, many of which are not driven by climate . Some strategies reported by respondents, such as planting drought-and flood-resistant varieties and raising vegetables in plastic tunnels (Tiwari et al 2014) , can be linked to climate. Other measures, such as day labor and labor migration, selling livestock and livestock products, leaving farmland fallow, and planting fodder trees are related to both climate and socioeconomic drivers that include nonclimatic variables such as market forces, resource exploitation, government policy, availability of labor, land and property rights, credit and insurance, access to technology, management capacities, and population density. These nonclimatic variables may either compound or reduce climate-related stress. Therefore, development of sustainable adaptation strategies must account for both climatic and nonclimatic factors (Arendse and Crane 2010) .
Strategies for improving adaptive capacity
Based on the CRiSTAL exercise and direct observation, integrated water resources management, improving existing agroforestry along with livestock and agricultural management, and providing drought-and flood-tolerant crop varieties have been identified as suitable measures for enhancing the adaptive capacity of farming communities (Table 3) . Our results show that while water resources are not scarce in this region, inefficient water allocation, and seasonal as well as regional fluctuations in supply and demand, require more efficient management. Another result from our study is the need to adjust farming practices to respond to climate change and other hazards and to better utilize the potential of activities that already show promise, such as livestock management and milk production as well crop diversification and cashcrop production. In this sense, farming practices need be adapted to changing phenological patterns of crops and crop pests, which also involves integrated pest management ( Figure 6 ). Moreover, agroforestry practices that can be based on the integration of cash crops (eg Amomum subulatum) and medicinal plants with locally available nitrogen-fixing trees (eg Alnus nepalensis), or on the planting of fodder and fruit trees (eg Choerospondias axillaris, Morus alba, and Phyllanthus emblica) on farmland, can increase household income, mitigate climate change effects, and improve site conditions (Bernier et al 2013) . For selecting the appropriate tree crop, the environmental conditions in the relevant agro-ecological zone must be considered (Ranjitkar et al 2016) . Fodder trees (eg Artocarpus lakoocha, Ficus semicordata, Litsea monopetala, and Bauhinia variegata), which are already widely distributed and intercropped in the study area, yield nutritious fodder for more milk production and help to bridge the dry-season feed gap (Paudel and Tiwari 1992) . Furthermore, fodder from fodder trees can be used to stall-feed livestock, reducing animal movement and risks related to soil erosion such as landslides, which are a major hazard in this region.
Conclusion
Understanding communities' perceptions and assessing their adaptive and proactive capacities are important strategies to establish successful risk-management programs (IPCC 2007a MountainDevelopment strategies for adapting to environmental changes affecting their immediate surroundings. The participatory process that is inherent in the CRiSTAL exercise generates a space for discussion among a wide range of local stakeholders, which makes CRiSTAL an appropriate tool not only for documenting current responses but also for developing promising adaptation practices using a bottom-up approach and supporting the development of resilient mountain communities as outlined in NAPA. Therefore, CRiSTAL can be recommended as valuable tool for LAPA. The research revealed that farmers' strategies for adaptation to changes are mostly related to socioeconomic drivers and to some extent to climatic factors. Existing opportunities to cope with changes relate mostly to nonclimatic variables such as available resources, government policy, labor supply, market conditions, and property rights; therefore, these variables need to be considered during adaptation planning. The mountain farmers' communities in our study area identified the need for more efficient water management and for adjusting farming practices to better utilize the potential of already promising activities such as livestock management, milk production, crop diversification, and cash-crop production to respond to climate change and other hazards. With better support and planning, these measures could be adjusted to meet future climate-change-related risks to mountain development.
As mentioned earlier, conditions in the study area were changed by the devastating earthquakes of 2015. In light of this disaster, some of the strategies identified in our study may not be an immediate priority while relief measures and rebuilding of infrastructure take precedence, but they should be considered when more effort can focus on rebuilding livelihoods. A post-earthquake assessment in the study area by our team in April-June 2015 did show that adaptation options mentioned in this paper were implemented immediately after the earthquake. Some, like selling livestock and milk as well as outmigration, had already been practiced before the earthquake and may have even increased as a response to the disaster. Planting drought-resistant rice varieties on paddy land in the planting season right after the earthquake, on the other hand, is an adaptation to changed climatic conditions. Farmers who opted for this practice were obviously not put off by the disaster. A full assessment of the impact of the earthquake on adaptation strategies requires, however, a more detailed survey, for which the research presented in this paper can provide a valuable baseline.
